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Effects of sewage sludge application on root growth and
heavy metal uptake of Schefflera arboricola

DONG Xiaoquan m’ WANG Yuying, HE Limei, ZENG Shucai, WU Daomingm
(College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] This study aimed to analyze the effect of sewage sludge (SS) surface and mixed
application on Schefflera arboricola root growth and heavy metals uptake, to deeply understand the effect of SS
application on landscape plant root growth, and to provide a reference for the safe use of SS in the landscape.

[ Method] We conducted a root box experiment without SS (no SS) and with the surface application (surface
SS) or the mixed application (mixed SS) of 10% SS, to analyze the dynamic changes of S. arboricola root
morphology, soil pH, and conductivity in different soil layers. Root tissue density, root density, and heavy metal

contents of plant were also analyzed. The relationships between soil pH, soil conductivity, root heavy metal
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contents, and root length were further established by the linear regression analysis. [Result] Compared with no
SS, mixed SS treatment obviously inhibited the increment of root length, root surface area, and root density.
Surface SS treatment significantly increased total root length, root volume, and root density in the 0—20 cm soil
layer. After 240 days of treatment, total root length in 0—20 cm and 20—40 cm layers in mixed SS treatment were
66.37% and 51.51% of no SS, respectively. Those for surface SS treatment were 115.43% and 98.66% of no SS,
respectively. The maximum root total length, root volume, and root density occurred in the 0—20 cm soil layer in
surface SS treatment, while the maximum root dry weight and tissue density occurred in the SS layer in surface
SS treatment. Mixed SS treatment significantly increased soil pH, soil conductivity, and heavy metal contents of
S. arboricola. The contents of Cd, Zn, Cu, and Ni in roots of different soil layers in mixed SS treatment were
2.32 to 11.70 times higher than those in no SS treatment. The linear regression analysis showed that the in-situ
scanning total root length of S. arboricola in 0—20 cm soil layers was significantly positively correlated with in-
situ measured soil pH in no SS and surface SS treatment (P<0.001). Total root length of S. arboricola was
significantly negatively correlated with the contents of Cd, Zn, Cu, and Ni in roots (P<0.001).

[ Conclusion] Surface application of 10% SS increases soil pH and promotes S. arboricola root growth. Mixed

application of 10% SS significantly increases root heavy metal uptake in different soil layers and inhibits root

44 %

growth of S. arboricola.
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Table 1 Basic properties of soil and composted sludge

BRI R WAL/ wimg-kg")
Testing on 7 kg) A AMRE R
material (mS-cm’') Organic matter  Ayailable Available Available Cd  Ni Cu Zn
content P K
3% Soil 4.68 0.05 2.48 67.26 4.56 4765 012 9.77 20.58 37.93
75Y¢ Sewage sludge  7.86 3.35 178.35 1496.48  695.67 49837 239 47.96 419.50 1070.37

1.2 Rieidiz

RIE B EAHETSJE (No SS)s R jitii5 e (Surface
SS) AR TS Ve (Mixed SS)3 AMALFE . XF T Afitiis
VeI ER ity Ve Kb 3, B AR L0 NARAE, HRRIE K,
ik H AR N R SEARAE, 2 LR 50 ecm. $
FG 5 R4 T AR AR (A RAE PG | ARSI
TR NMOL B, A 3 ANER . BRI
TRIR T 4% 385 B ) 10% 7F 398 28 T it FH ¥ U
HERE, 0 M5 e A HE . X TR TS JE AL EE, Sk
Fo 3 R ) 10% N5 Y HE AR+ 5 3 78 4R
5], % BIJTENNAE, BRI E . S E R 3
Kpe 1 UK, MR RSIEOUEFIRBEK A 300~500 mL,
AR PR K B — 3 BRI F A K
1.3 EFRNE
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240 d, FTFF G ORI B, A K I I {6 45 42 i A
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Hr#4F WinRHIZO(WinRHIZO Pro 2017, Regent
Instruments Canada Inc., IZEK) 737596 ZF1 0~20.
20~40 cm 32 /AT AR RAR K MR SR T AR R AR A
U K E (R) MR ARX: R=(X,-X,)/(b-a),
Hr, a M b A3 HNE a b K, X, F1 X, 535N
a P b R RIEFR-TIME .
132 X pHALFREREFHEMNZ  THMHHE
J& 60+ 120 1 240 d, T-HR A6 10 [E & A & (5376
T2 10 #1130 cm 4b), FIAHHE L0 pH iF AR T
Zit, A BN E 15 pH M3 (0).
133 #AEABE FREAMEISFMNE TR
J5 240 d, fTIFHRAE, #&i5 =M 0~20 | 20~
40 cm IR EUCEREIR R . HR AR50 H B kKR
ZETFKBETH G, AT /K5, @i = A
IR R B 8 WinRHIZO 23 H7 A [ 2 7 S
FRARKFIMR R SR K AR 250 XA, 105 °C
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(P<0.05, Duncan’s method was used for 0—20 cm soil layer, and ¢ test was used for no SS layer and 20—40 cm soil layer); Different capital letters on the bars
indicate significant differences among different treatments at the same time for the same soil layer (P<0.05, Duncan’s method)

1 FREFEBERERK, RRERMRERTL

Fig.1 Changes of total root length, root surface area and root volume in Schefflera arboricola by in-situ scanning
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1 20~40 cm = JZ AN [F] B[R] AR A4 AR H 35 38 K &= A
0~0.01 cm’-d'. Fjitii5 AL 0~20 cm T Z R A
FRH 8K 120 d B2 0.02 em™d ™, 17 240 d B %
2 0cm’d' LT, Rty Je b B 20~40 cm )2
H #48 K& 120 A1 240 d BH47E 0 em®d ™' BA_E
24 IREFTHREREBXIER

FhiE 240 d J5, 70 1 2 4 5 5 ik AR R 450
PR, ST B M TR R, SR R
()38 5 AR R T & A R AR bR (3R 2). 5 AN

x2 BRERATREREXER
Table 2 Root dry weight and other indexes after harvest

A +FE/em RTFiE/g MRK/em  RAB/om® KA emg ") ML/ (grem ) KL B/ (cmem )
Treatment Soil layer Root dry weight Total root length Root volume Specific root length Root tissue density ~ Root density
RHiEg  0~20 6.55+0.74ab 1140.39+31.00b 2.83+0.09b  177.56+16.38a 2.33+0.33a 0.19+0.01b
No 88 20~40  3.02:0.08ab 1152.36+3332a 3.18£0.29a  381.99:+18.64a 0.96£0.0.07a 0.1940.01a
RWET5VE J592J2SS  13.28£0.59A  430.92425.68C 1.51+0.26B  32.59+2.38C 9.30+1.38A 0.14+£0.01B
Surface SS

0~20 8.54+0.94aB 1316.34433.77aA 3.7120.27aA 158.14+18.07aB 2.36+0.39aB 0.22+0.01aA

20~40 4.10+£0.72aC 1 136.90+£71.77aB 3.31+0.30aA 297.68+58.97aA 1.27+0.29aB 0.19+0.01aA
RIS 0~20 453+0.79b  756.92+33.66c 2.21+0.10c  182.20+43.92a 2.07+0.39a 0.13£0.01¢
MixedSS 55 40 175£033b  593.57+13.14b 239£0.17b  369.57+83.47a 0.74+0.16b 0.10£0.00b

DA 835 A T AT AR, n=3; FI 5\ 8B )5 69 R B/ B R4 A T Bl — £ B 6 R B 4 22 18] £ F 2 % (P<0.05, Duncan’si);
Bl 5] $ ¥ 5 89 R B K B F 8/ & 7 £ 675 RALF KRR &8 £ 5+ % 2 (P<0.05, Duncan’si%)

1)Values in table are meanstSE, n=3; Different lowercase letters after the data in the same column indicate significant differences

in the same soil layer among different treatments (P<0.05, Duncan’s method); Different capital letters after the data in the same

column indicate significant differences among different soil layers treated with surface sewage sludge (P<0.05, Duncan’s method)
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B2 FREEMELTIR pH MESE (o) T

Fig. 2 Changes of soil pH and electrical conductivity (¢) by in-situ measurement
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Fig. 3 Linearization regression analysis between in-situ measured soil pH and in-situ scanned total root length
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Fig. 4 Linearization regression analysis between in-situ measured soil electrical conductivity value and in-situ scanned total

root length
#x3 BEHFRRELERE"
Table 3 Heavy metal contents in root of Schefflera arboricola
Ab R +Z/em w/(mg-kg ")

Treatment Soil layer Cd Zn Cu Ni
ANiti5 e 0~20 0.23+0.02b 13.61£2.74¢ 15.39+6.38b 2.3440.24b
No SS 20~40 0.35+0.07b 14.16+2.17b 19.51+3.80b 1.99:+0.06b
K5 TE 5RJESS 1.4340.31A 83.88+1.75A 48.64+2.25A 18.11+0.35A
Surface SS 0~20 1.14+0.21bA 27.38+6.02bB 24.51+8.42bB 2.76+0.96bB

20~40 0.95+0.10bA 18.94+2.60bB 11.28+0.41bB 2.84+0.60bB
Wit T5 e 0~20 2.69+0.50a 54.69+1.39a 46.74+1.96a 12.53+1.87a
Mixed SS 20~40 2.3240.47a 50.49+1.49a 45.26+1.94a 13.2440.59a

1) AP HEHTFHELARER, n=3; A B EEH TR NS FHE TR — L Ee)RE LI £ 73 % %(P<0.05, Duncan’s
%); RIBI IR W R R KB F/ R T &35 RA KRR L EH £ 53 2 2 (P<0.05, Duncan’si%)

1) Values in table are means + SE, n=3; Different lowercase letters after the data in the same column indicate significant differences
in the same soil layer among different treatments (P<0.05, Duncan’s method); Different capital letters after the data in the same
column indicate significant differences among different soil layers treated with surface sewage sludge (P<0.05, Duncan’s method)
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Fig. 5 Linearization regression analysis between root heavy metal contents and total root length
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